Background and Aims: Although laparoscopy is associated with a reduction in adhesions, no data are available about the risk factors for small bowel obstruction [SBO] after laparoscopic ileal pouch-anal anastomosis [IPAA]. Our aims here were to identify the risk factors for SBO after laparoscopic IPAA for inflammatory bowel disease [IBD]. In the subgroup of patients receiving restorative proctocolectomy as first operation, stoma-related or other surgical complications and long-term incisional hernia were predictive of SBO. In the patient subgroup of subtotal colectomy as first operation, postoperative morbidity and long-term incisional hernia were predictive of SBO, whereas ulcerative colitis and a laparoscopic approach during the second surgical stage were protective factors. Conclusions: We found that SBO occurred in less than 10% of patients after laparoscopic IPAA. The study also suggested that modified 2-stage IPAA could potentially be safer than procedures with temporary ileostomy [2-and 3-stage IPAA] in terms of SBO occurrence.
Introduction
Ileal pouch-anal anastomosis [IPAA] is the operation of choice for refractory ulcerative colitis and indeterminate colitis, 1 and for selected patients with Crohn's colitis. 2 The IPAA procedure is usually performed electively in two stages. In the first, patients undergo restorative proctocolectomy with IPAA and J-pouch and a temporary diverting loop ileostomy. In the second stage, performed 6-8 weeks later, the ileostomy is reversed and bowel continuity is restored. 3 A three-stage procedure, including subtotal colectomy with ileostomy and sigmoidostomy [or rectal stump closed into the abdomen] at the first operation, followed by completion proctectomy and IPAA, and then stoma closure, can also be proposed, especially in patients with acute colitis, an unclear diagnosis of inflammatory bowel disease [IBD] and in high-risk patients. [4] [5] [6] Beside these two standard approaches, two others options have been suggested for performing IPAA but are not to date performed routinely in the majority of centres. A few authors have proposed one-stage IPAA [without diverting ileostomy] in highly selected patients with ulcerative colitis. [7] [8] [9] [10] Although theoretically this has some advantages, mainly the absence of stoma-related complications and a shorter cumulative hospital stay, it may expose the patient to the consequences of pelvic sepsis due to anastomotic leakage, with the potential risk of reoperation and secondary ileostomy. 11 The European Colitis and Crohn's Organization states that temporary loop ileostomy at the time of ileo-anal pouch surgery reduces the risk for clinical leakage by 50%, and in selected patients, can be avoided altogether [ECCO Statement 5J] . 12 Therefore, 1-step IPAA is rarely performed. However, to avoid a 3-step IPAA in high-risk patients with either acute colitis, or under steroids and/or anti-tumour necrosis factor [anti-TNF] therapy, some have proposed a modified 2-stage IPAA with subtotal colectomy and ileostomy, followed by completion proctectomy and IPAA, without defunctioning ileostomy. This approach reduces the cumulative length of stay and costs, with similar morbidity and functional results to the standard 3-stage approach. It was mainly proposed in selected low-risk patients. [13] [14] [15] Regardless of the number of steps, laparoscopy is now considered as the best approach for both subtotal colectomy 16 and IPAA [ECCO statement 5A], 12 with lower postoperative morbidity, shorter hospital stay and improved cosmetic results compared to an open approach. [17] [18] [19] [20] Moreover, in three of our centres, we have also demonstrated that a laparoscopic approach for IPAA is associated with long-term reduction of adhesions and consequently reduced infertility rates in young women. 21, 22 Although a large multicentre survey has also suggested that laparoscopy can reduce the rate of adhesionassociated small bowel obstruction [SBO] after laparoscopic colorectal surgery, 23, 24 its impact during IPAA is not clear. Furthermore, to our knowledge, possible risk factors for SBO after laparoscopic IPAA have not previously been assessed in a large cohort of patients.
Thus, the aim of the current study was to identify potential predictive factors for SBO after laparoscopic IPAA for IBD. [partial] . No differentiation was performed. The occurrence of SBO was also checked at the last follow-up to avoid episodes being missed. Consent from the patients and ethical approval in each centre was obtained.
Patients and Methods

Study population
Surgical procedures
All surgical procedures were initiated through laparoscopy, and all patients underwent a J-pouch. Surgery was performed by the senior author in each centre. Restorative proctocolectomy and IPAA were performed during the same operation, without [1-stage] No anti-adhesion product was used during the different surgical stages.
Risk factors for SBO
Risk factors for SBO were identified by comparison between groups not only in the overall cohort, but also in the subgroup of patients undergoing restorative proctocolectomy as first operation and in the subgroup of patients undergoing subtotal colectomy as first operation.
Comparisons 25 and mortality]; and long-term results [time for ileostomy closure, treatment of SBO, incisional hernia]. Intraoperative data [complications, operating time] and postoperative outcomes [morbidity, length of stay, unplanned reoperation, percutaneous drainage] were cumulative, including the subtotal colectomy and secondary proctectomy with IPAA, in the case of subtotal colectomy at first operation. Whatever the first operation, the outcomes of diverting stoma closure were not considered in the cumulative morbidity. Stoma-related complications included dehydration or leakage around the stoma with skin burns, peristomal dermatitis, parastomal ulceration, peristomal hernia, retraction, prolapse, stenosis or necrosis. Patient characteristics are detailed in 
Statistical analysis
Results
Patient characteristics
Predictive factors for SBO
After multivariate analysis [ Table 3 When we considered only the subgroup of patients who underwent restorative proctocolectomy during the first operation, three independent predictive factors were observed [ Table 4 For the subgroup of patients who underwent subtotal colectomy as first operation, two independent predictive factors for SBO were noted [ Table 5 
Discussion
In this study, we reported that SBO occurred in 8% of patients after laparoscopic IPAA for IBD. Several predictive factors for SBO were identified, including postoperative morbidity, stoma-related complications, long-term incisional hernia, restorative proctocolectomy as first surgery, other surgical complications, Crohn's disease and Pfannenstiel incision for the second surgical stage. SBO is one of the main complications observed after IPAA, and can affect up to one-third of patients. 27 The SBO rate reported in our study seems much lower than previously reported [24-31%], [28] [29] [30] [31] after open IPAA. Although a recent population-based study including 69 303 colorectal resections showed that a laparoscopic approach was associated with a significantly lower rate of SBO (hazard ratio [HR] 1.14, 95% CI 1.03-1.26), 24 this possible protective impact of laparoscopy on SBO was variably reported after IPAA specifically. Dolejs with 2-stage IPAA before stoma closure, but they did not compare this with other procedures or after stoma closure. 37 Although modified 2-stage IPAA was not identified as an independent protective factor for SBO, it was complicated by SBO in only 4% of cases. This result is in accordance with recent studies which report the advantages of modified 2-stage compared to 2-and 3-stage IPAA, the main difference being the absence of temporary ileostomy in modified 2-stage, which seems to be a major factor for SBO after laparoscopic IPAA. Furthermore, Zittan et al. reported recently that modified 2-stage IPAA was associated with a significantly lower rate of anastomotic leak than 2-stage IPAA based on a cohort of 460 patients with ulcerative colitis.
14 Another comparative study showed that anastomotic leak rate was similar between the two procedures but the modified 2-stage group included a greater proportion of high-risk patients [lower BMI, emergency setting, under steroids and/or antiTNF therapy]. 15 For these reasons, the modified 2-stage procedure should be now preferred rather than the standard 2-stage IPAA. Further comparative studies are required to confirm this evolution in IPAA procedures; however, because increasing numbers of patients are currently under biological therapy before surgery, which has been recently suggested to be associated with higher postoperative morbidity, 38, 39 subtotal colectomy as first operation rather than restorative proctocolectomy is probably the best option regarding both postoperative morbidity and long-term occurrence of SBO.
The other risk factors associated with a higher risk of SBO identified in our study were Crohn's disease, Pfannenstiel incision for the second surgical stage, cumulative postoperative morbidity, cumulative stoma-related complications, other surgical complications and long-term incisional hernia. All these factors may be responsible for more intra-abdominal adhesions. Likewise, the presence of temporary diverting stoma, potentially stoma-related complications [wound abscess or haematoma closed to the stoma, peri-stoma hernia, stoma prolapse or necrosis], the management of these complications [surgery or conservative management] and the stoma closure led to the formation of intra-abdominal adhesions. In our study, all but one patient with diverting stoma presented with SBO after stoma closure, probably because stoma closure induces additional adhesions.
Regarding the impact of omentectomy on late SBO, the data in the literature are conflicting. 29, 40, 41 A few authors believe that leaving the omentum after colectomy increases late SBO, 40 whereas others consider that the omentum may play a protective role by forming 'safe' adhesions to the incisional scar. 29, 42 Nakagoe et al. used an omental pedicle graft to fill the pelvic dead space and prevent SBO after IPAA. 43 Finally, some authors have considered that the omentum has no impact on postoperative SBO, whether it is removed or not. 41 In our study, omentectomy was not associated with the occurrence of SBO [44 vs 49%, p = 0.8].
Our study has some limitations, including the absence of standardization between the four participating centres, with several surgeons operating [although in each centre, the senior author supervised other surgeons]. In addition, due to the potential management of SBO in hospitals other than the four participating centres, some data are missing, such as details about surgery for SBO. Further prospective controlled studies may avoid these limitations and help to confirm the results.
In conclusion, our study, including a large number of patients undergoing IPAA from four expert centres in Europe, showed that the 8% risk of SBO during follow-up is probably lower than expected and due to the systematic use of laparoscopy. Furthermore, it also suggested that both subtotal colectomy as first operation and modified 2-stage IPAA appear to be the best options in terms of SBO rate. By contrast, restorative proctocolectomy in 2-or 3-stage IPAA with temporary ileostomy in both cases were associated with significantly higher rates of SBO during follow-up. Further prospective controlled studies are required to confirm these results.
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